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The dissertation is made up of three papers, which discuss the utility of 
geophysical tools in earthfill dam investigations and dredged oyster bed 
characterization. 
In the first paper, an earthfill dam in Warren County, Missouri was 
effectively investigated for seepage through the dam and its outlet works using 
an integration of the electrical resistivity tomography, induced polarization and 
spontaneous potential geophysical tools. Recommendations were subsequently 
made based on the results of the study on grout locations to prevent further 
seepage. In the second paper, a similar study of earthfill dam seepage was 
conducted on a different dam in Southern Missouri. The potential seepage zones 
through the dam were identified using the electrical resistivity tomography tool 
and available Lidar data for the site. It was observed that the mapped seepage 
pathway through the dam at the site were consistent with the orientation of 
geologic structures such as faults, joints and lineaments around the study area. It 
is expected that the results of the study would help in the planning, design, 
inspection and maintenance of earthfill dams in the United States. 
In the third paper, marine electrical resistivity tomography tool was 
effectively uses to characterize dredged oyster deposit in Mobile Bay, Alabama. 
The results of the study were expected to be used in assessing the suitability of 
the dredge location and other similar locations in the bay as potential sites for the 
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Dams have and continued to play important roles in the social and 
economic well-being of the public both here in the United States and all over the 
world. Dams are constructed for various purposes which includes hydropower, 
recreation, flood control, irrigation, water supply, navigation and for the control of 
sediments. Amidst the benefits derived from the construction of dams, there still 
exist the reality of the challenges in the maintenance of aging (typically older than 
30 years) dam infrastructures. Failures in addressing these problems in the past 
had resulted in disastrous failures leading to loss of lives and destruction of 
valuable properties in the immediate proximity to the failed dams. 
Previous studies had revealed that seepage and internal erosion are 
associated with most failures in earthfill dams; which constitute about 86 percent 
of the dams in the United States. Hence, early and effective detection of these 
conditions in earthfill dams can lead to successful mitigation jobs, and 
subsequently prevent impending catastrophic failures. In this research, two 
earthfill dams were investigated. Appropriate geophysical tools were successfully 
used to identify seepage zones and pathways through these dams. It is expected 
that the methods adopted in the studies would be adopted in the inspection of 
earthfill dams where applicable. 
Another area of interest to this research was marine sub bottom sediment 
characterization. Advancements in geophysical tools have led to the 




bottom materials, hence aiding the planning and development of structures in 
marine environments. 
The third paper in this research discussed the successful application of 
the marine electrical resistivity tomography (ERT) tool in the mapping of dredge 
cuts from dredged oyster deposits in Mobile Bay, Alabama. The result of this 
study is expected to guide the United States Army Corps of Engineers (USACE), 
Mobile District, Alabama in deciding if these dredged oyster deposits locations 
would be suitable for the disposal and compaction of dredged materials presently 
removed from Mobile Bay shipping channels during the maintenance and 
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 Electrical resistivity tomography (ERT), induced polarization (IP) and 
spontaneous potential (SP) data were acquired across and in proximity to a 
leaking earth-fill dam (Wolf Creek dam) in Warren County, Missouri. The 
objectives were to identify and map probable seepage pathways through the dam 
and to determine if the outlet works drainage pipe used in the construction of the 
dam was leaking. 
Based on the integrated interpretation of the acquired geophysical data 
two probable seepage pathways through the leaking earth-fill dam were identified 
and mapped. These two pathways are referred to as the Groin Leak and Water 
Fall Leak, respectively. The Groin Leak and Water Fall Leak seepage pathways 
are both characterized by relatively low resistivity and low chargeability. It is also 
concluded that there is high probability that water is leaking from the downstream 
end of the outlet works drainage pipe.  The interpreted drainage pipe leak (Outlet 
works Leak) is characterized by relatively low resistivity, high chargeability and 







 According to the 2013 report of the National Inventory of Dams (NID), a 
biannual report published by the United States Army Corps of Engineers 
(USACE), the total number of dams in the United States is 87000, (National 
Inventory of Dams, 2015). The report indicates that over 65 percent of the dams 
in the United States are more than 50 years old. Hence, aging effects increase 
the likelihood of the failure of these dams. The report also suggests that about 86 
percent of the dams in the United States are of earth-fill type. Hence, any 
measures taken to reduce the chances of earthen dam failures will in turn reduce 
the chances of the overall dam failures in the U.S. 
 Ikard (2013), Foster et al. (2000), and Ogilvy et al. (1969) conclude that 
most earthen dam failures are the result of seepage and internal erosion. Hence, 
early detection of seepage zones can help ensure that aging dams are properly 
maintained and that failures because of seepage are averted. 
 Lum and Sheffer (2005) state that temperature measurements, the 
spontaneous potential method, electrical resistivity tomography method and 
seismic methods are useful geophysical tools for earthen dam seepage 
investigations. Similarly, Abdel et al. (2013), Ikard (2013), Lim et al. (2013), 
Nwosu and Nwankwo (2011), Song et al. (2005), Foster et al (2002), Reynolds 
(1997), Sirles (1997) and Corwin and Butler (1989) conclude that geo-electrical 
geophysical tools (mainly the spontaneous potential and the electrical resistivity 
tomography tools) can be effectively used in investigating dam seepage. Butler et 




investigations. Each geophysical method has its relative strengths and 
weaknesses; hence, the integrated interpretation of multiple methods can 




2. WARREN COUNTY STUDY DAM 
 
 
The privately-owned Wolf Creek study dam was constructed in 1967 
across Wolf Creek in Warren County, Missouri (Figure 2.1).  The earth-fill dam 
has a clay core and is approximately 305m long and 21m high with a 12m wide 
crest. It has a maximum storage capacity of approximately 5 million m3, a surface 
area of 0.59 million m2 and a drainage area of 12 million m2, according to the 
Missouri Department of Natural Resources (2016). 
 At the time of this investigation, there were two known seepage discharge 
locations downstream of the dam (Figure 2.1). These discharge locations are 
referred to as the Groin Leak and the Water Fall Leak, respectively. In 2012, the 
average flow rate from the Groin Leak was about 183 GPM (gallons per minute); 
there is no record of discharge rates from the Water Fall Leak. Discharge from 
the Groin Leak is continuous while flow from the Water Fall Leak terminates 
when the reservoir drops 3 meters below the designed maximum capacity. The 
owners of the dam have constructed catchment facilities to pump most of the 
Groin and Waterfall discharge back into the upstream reservoir. A primary 
objective of this investigation was to identify and map the probable seepage 
pathways from the upstream dam face to the Groin and Water Fall leaks so that 
an effective grouting program could be developed. 
During site investigations, an area of moist soil and denser vegetation was 
identified on the downstream face of the dam above the outlet of the buried 
drainage pipe (outlet works). The preliminary conclusion was that the outlet 




also leaking. A primary objective of this investigation was to determine if the 
outlet works drainage pipe is leaking. 
 The outlet works (drainage pipe) extends from the lake to the bottom of 
the dam slope. The drainage pipe was installed to channel water from Wolf 
Creek to an area downstream section of the dam to preventing creek water from 
interfering with the construction of the dam. The drainage pipe inlet is located at 
about 19m (170m, elevation) below the design maximum water level (189m, 
elevation). The drainage pipe outlet is located at about 3m below the ground 
surface (168m, elevation). 
 
 
Figure 2.1: Approximate locations of the Groin Leak, Water Fall Leak and outlet 




3. GEOLOGY OF STUDY AREA 
 
 
Surficial sediment in the study area is mainly alluvium and residuum from 
the weathering of the underlying Ordovician Joachim Formation (Missouri 
Department of Natural Resources, 2016). The Joachim Formation consists 
mainly of yellowish-brown, argillaceous dolomite.  Intermittent limestones and 
shales are present near the base of the formation. The Joachim Formation is 
approximately 50m thick in the study area (Dam Owner, personal 
communication) and underlain by the St. Peter Sandstone. There are evidences 
of the dissolution of Joachim Formation in the area, which demonstrates the 
formation’s susceptibility to the formation of karst features such as solution-




4.  DATA ACQUISITION AND PROCESSING 
 
 
4.1. ELECTRICAL RESISTIVITY TOMOGRAPHY (ERT) TOOL 
 
Electrical resistivity (ERT) data were acquired along the six traverses 
shown in Figure 4.1 (ERT/IP 1 – ERT/IP 6). The ERT traverses were different 
lengths depending on the number of electrodes employed and the spacing of 
those electrodes. For ERT Profile 1, the electrodes were spaced at ~3m (10ft), 
while the rest of the profiles were acquired using ~1.5m (5ft) electrode spacing. 
The ERT data were acquired using an AGI Supersting system (Agiusa.com, 
2015) between June and July, 2015. A dipole-dipole electrode array was used to 
acquire all the six ERT profiles.  
The ERT data sets were inverted using Res2DInv processing software 
(Geotomosoft.com, 2014) after inputting the elevation corrections and applying 
appropriate inversion parameters. The ERT data were relatively good quality (for 
data acquired in karst terrain) with RMS error values of mostly less than 10% 
after seven inversion iterations (Figure 4.1). 
4.2. INDUCED POLARIZATION (IP) TOOL 
Time-domain induced polarization (IP) data were acquired along the same 
six traverses using the same instruments electrodes and electrode spacings 
(ERT/IP 1 through ERT/IP 6; Figure 4.1). The IP data were inverted using 
Res2DInv processing software (Geotomosoft.com, 2014) after inputting the 
elevation corrections and applying the necessary inversion parameters. The ERT 
data were relatively good quality (for data acquired in karst terrain) with RMS 





Figure 4.1: ERT and IP data were acquired along six traverses (ERT/IP 1 through 
ERT/IP 6; highlighted in red). 
 
 
4.3. SPONTANEOUS POTENTIAL (SP) TOOL 
Spontaneous potential (SP) data were acquired in July 2015, using two 
saturated copper (II) sulfate non-polarizing electrodes and a high impedance 
voltmeter. The 732 SP station locations are shown in Figure 4.2. The SP stations 
spacing were ~3 meters from west to east, and ~6 meters from north to south. 
The base (reference) electrode was placed in a forested area to the north of the 
dam; the lead electrode was moved progressively across the face of the dam.  
The SP data were used to generate an SP contour map using the Surfer 
software (Golden software, 2014). The SP data were then overlain on a Google 






Figure 4.2: Locations of the 732 SP survey stations (white dots) on the study 
dam. The SP stations had mostly ~3 meters spacing from west to east and ~6m 





5.  RESULTS AND DISCUSSION 
 
 
5.1. ERT SURVEY 
The six interpreted ERT profiles are shown in Figure 5.1. Interpreted moist 
soil is typically characterized by resistivity values of less than 20 Ohm.m; 
interpreted dry soil is typically characterized by resistivity values between 20 to 
60 Ohm.m; interpreted moist fractured rock with possible clay infill is 
characterized by resistivity values of less than 125 Ohm.m; interpreted 
competent less moist rock is characterized by resistivity values greater than 125 
Ohm.m. The interpreted resistivity/lithologic relationships are based on field 
observations, borehole control and the authors’ extensive experiences working 
with the ERT tool elsewhere in karst areas in Missouri and adjacent states. 
The interpreted top of bedrock has been superposed on the six ERT 
profiles and three seepage zones have been tentatively identified; namely, the 
Outlet Works Leak, the Groin Leak and the Water Fall Leak. These three 
interpreted seepage pathways are labeled A, B and C, respectively (Figure 5.1). 
Outlet Works Leak: The location of the outlet works drainage pipe has 
been superimposed on the ERT profiles shown in Figure 5.1. Based on the 
interpretation of ERT profile 1, it appears that the ground surface upstream of the 
dam was excavated prior to the installation of the outlet works and subsequently 
backfilled with about 5 m of relatively conductive clayey sediment. At the 
downstream end of the outlet works, a prominent (about 18m by 18m) zone of 
low resistivity (less than 20 Ohm.m) is observed (ERT/IP profile 6; Figure 5.1).  




clay from the outlet works pipe. The most reasonable interpretation is that the 
outlet works drainage pipe is leaking.  
Groin Leak: The interpreted seepage pathway through the Groin Leak is 
shown in Figure 5.1. Water flowing along the interpreted Groin Leak pathway, is 
interpreted as seeping through the dam-bedrock interface on profiles ERT/IP 2 
and ERT/IP 3. On ERT profiles ERT/IP4 to ERT/IP 6, the Groin Leak seepage 
pathway is interpreted as mostly through fractured rock. Discharge through the 
Groin Leak is attributed to significant local lateral flow (to the north) through 
fractured rock from the interpreted seepage pathway to the discharge location.  
There appears to be significant vertical seepage along the interpreted Groin Leak 
pathway where it intersects ERT/IP traverses 5 and 6.  We note that the shallow 
soil at the base of the hill on ERT profiles 4 and 5 is characterized by 
anomalously low resistivity values (less than 13 Ohm.m). The interpreted high 
moisture content is attributed to discharge from the Groin Leak seepage pathway 
and run-off along the top of bedrock.  This moisture is interpreted as seeping 
vertically into the soil at the base of the hill.   
Water Fall Leak: The interpreted Water Fall Leak seepage pathway is 
shown in Figure 5.1. The pathway (shown only on ERT profiles 4 and 5) is 
interpreted to be through shallow fractured rock. The interpreted elevated and 
shallow flow pathway is consistent with observation that discharge through the 
Water Fall Leak terminates when the reservoir level falls below 3 meters of 








Figure 5.1: Six ERT profiles shown in approximate relative locations and orientations. Interpreted seepage flows through 
the outlet works, Groin Leak and Water Fall Leak are shown and labeled as A, B and C respectively. The interpreted top 




5.2. IP SURVEY 
The six IP profiles are shown in Figure 5.2.  The two seepage zones that 
were tentatively identified based on the interpretations of the ERT data are 
superimposed on the IP profiles (Figure 5.2). 
Outlet Works Leak: The location of the outlet works drainage pipe has 
been superimposed on the IP profiles (Figure 5.2). The higher chargeability (> 6 
m.sec) values at the downstream end of the outlet works is attributed to the 
presence of the metal outlet works pipe and seepage clays. The presence of the 
higher IP values at the downstream end of the outlet works drainage pipe is 
consistent with the interpretation that the drainage pipe is leaking. This IP data 
interpretation is consistent with the interpretation of the ERT data. 
Groin Leak: The interpreted seepage pathway through the Groin Leak on 
the IP profiles (Figure 5.2) is labeled B. The relatively low IP values along the 
postulated Groin Leak seepage pathway is consistent with the interpretation that 
the seepage pathway is relatively free of clay. The slightly higher IP values 
observed at depth on IP profile 5 along the postulated Groin Leak seepage 
pathway is consistent with the interpretation that the vertical seepage of water at 
this location has resulted in the deposition of piped clay. 
Water Fall Leak: The interpreted Water Fall Leak seepage pathway has 
been superimposed on the IP profiles and labeled C. The relatively low IP values 
along the postulated Groin Leak seepage pathway is consistent with the 








Figure 5.2: Six IP profiles shown in approximate relative locations and orientations. Interpreted seepage flows through the 




5.3. SP SURVEY 
Seepage infiltration locations are typically characterized by negative SP 
anomalies; outlet locations are typically characterized by positive SP anomalies.  
In these respects, the SP data acquired at the site might initially appear to be 
counter intuitive.  
  Outlet works leak: the outlet works drainage pipe has been superimposed 
on the contoured SP map (Figure 5.3). The end of the outlet works, an 
interpreted discharge location, is characterized by a prominent negative SP 
anomaly.  This negative anomaly is consistent with the interpretation that the 
discharge from the outlet works drainage pipe seeps vertically into the underlying 
soil and rock and is consistent with the ERT and IP interpretations.  
Groin Leak: The interpreted seepage pathway through the Groin Leak 
(labeled B) is shown in Figure 5.3. The areas to the north and south of the 
postulated Groin Leak pathway in proximity to ERT/IP traverses 4, 5 and 6, are 
characterized by prominent negative anomalies. This negative anomaly is 
consistent with the interpretation that the discharge from the Groin Leak and run-
off from the steeply dipping bedrock surface seeps vertically into the underlying 







Figure 5.3: Google earth 3D SP contour map overlay indicating possible outlet works leak (labeled A) and seepage 





6.  CONCLUSION 
 
 
This investigation demonstrates that the integrated interpretation of the 
ERT, IP, and SP data were very useful in the detection of seepage pathways 
through the Wolf Creek dam. 
The interpretation of the geophysical data suggests that there is high 
probability that the outlet works drainage pipe is leaking. The interpreted 
Outlet Works Leak is characterized by: 1) a low resistivity anomaly on ERT 
profile 6, which, suggests moisture and piped clay is seeping into the 
subsurface at the downstream end of the outlet works drainage pipe; 2) a high 
chargeability anomaly on IP profile 6 which is consistent with the presence of 
seepage clays; 3) a prominent negative SP anomaly which is consistent with 
the outward and downward flow of water from the outlet works drainage pipe 
into the subsurface. 
The interpreted seepage pathway through the Groin Leak is 
characterized by: 1) low resistivity zones on ERT profiles 2 through 6 which 
are consistent with the seepage of water through soil and rock; 2) low 
chargeability zones on IP profiles 2 through 6 which are consistent with 
seepage through relatively clay-free seepage pathways; and 3) prominent 
negative anomalies which are consistent with the interpretation that the 
discharge from the Groin Leak and run-off from the steeply dipping bedrock 
surface seeps vertically into the underlying soil and rock. 
The interpreted seepage through the Water Fall Leak is characterized 
by: 1) low resistivity zones on ERT profiles 4 and 5 suggesting the presence 





chargeability zones on IP profiles 4 and 5 indicating the washing away of 
chargeable clay materials from the zones of seepage. 
It is anticipated that the results of this geophysical investigation will 
assist the dam owner in the planning and the designing of future remedial 









The authors acknowledge the support of Missouri S&T graduate students 









Abdel Aal, G. Z., Ismail, A. M., Anderson, N. L., Atekwana, E. A., 2013. 
Geophysical Investigation of Seepage from an Earth Fill Dam, 
Washington County, Missouri, Presented at the 3rd International 
Conference on Applied Geophysics, Orlando, FL. 
 
Agiusa.com, 2015. Retrieved from https://www.agiusa.com/supersting-wi-fi. 
 
Anderson. N., 2008. Geophysical investigation of Lake Sherwood dam site, 
East-central Missouri. 
 
Butler, D. K., Llopis, J. L., and Deaver, C. M., 1989. Comprehensive 
geophysical investigation of an existing dam foundation: Part 1. 
Geophysics: The Leading Edge of Exploration. 
 
Corwin, R.W., and Butler, D.K., 1989. Geotechnical Application of the Self-
Potential Method, Report 3, Development of Self-Potential Interpretation 
Techniques for Seepage Detection. Technical Report REMR-GT-6. US 
Army Corps of Engineers, Washington, DC. 
 
Fagerlund, F. and Heinson, G., 2003. Detecting Subsurface Groundwater 
Flow in Fractured Rock Using Self-Potential (SP) Methods. Environmental 
Geology, Vol. 43, Issue 7: 782-794. 
 
Foster, M., Fell, R., and Spannagle, M., 2000. The Statistics of Embankment 
Dam Failures and Accidents. Canadian Geotechnical Journal Vol. 37 No. 
5: 1000-1024. 
 
Foster, M., Fell, R., Davidson, R., and Wan, C.F., 2002. Estimation of the 
Probability of Failure of Embankment Dams by Internal Erosion and 
Piping Using Event Tree Methods. Australian National Committee on 
Large Dams, Bulletin 121: 75-82. 
 
Geotomosoft.com, 2014. Retrieved from http://www.geotomosoft.com/. 
 
Golden software, 2014. Retrieved from http://www.goldensoftware.com/. 
 
Ikard, S., 2013. Geoelectric monitoring of seepage in porous media with 




Lin, C., Hung, Y., Yu, Z. and Wu, P., 2013. Investigation of Abnormal 
Seepages in an Earth dam using Resistivity Tomography. Journal of 





Missouri Department of Natural Resources (DNR), 2016. Retrieved from 
http://dnr.mo.gov/geostrat/gov/mo/dnr/ges/init_map.action. 
 
National Inventory of Dams (NID), 2015. Retrieved from 
http://nid.usace.army.mil/cm_apex/f?p=838:1:0::NO.  
 
Nwosu, L. I., Nwankwo, C. N. and Ekine, A. S., 2011. Correlation of Self 
Potential (SP) and Resistivity Survey methods for Evaluation of 
Groundwater potentials: Case Study of Imo State, Nigeria. Applied 
Physics Research, Vol. 3, No. 1. 
 
Ogilvy, A. A., Ayed, M.A., and Bogoslovsky, V.A., 1969. Geophysical Studies 
for water seepages from reservoirs. Geophysical Prospecting Vol. 17: 36-
62. 
 
Reynolds, J.M., 1997. An Introduction to Applied and Environmental 
Geophysics. John Wiley & Sons: 516-518. 
 
Sirles, P., 1997. Seepage Investigation Using Geophysical Techniques at 
Coursier Lake Dam, B. C., Canada. Symposium of the Geophysical 
Application to Environmental and Engineering Problems (SAGGEP), 
Reno-Nevada, Vol. 1: 321-331. 
 
Song, S., Song, Y., and Kwon, B., 2005. Application of hydrological and 
geophysical methods to delineate leakage pathways in an earth fill dam. 













Stanley C. Nwokebuihe, Evgeniy Torgashov, and Neil Anderson 




Electrical resistivity tomography was used to image a leaking earthfill 
dam in southwest Missouri and to identify and map likely seepage pathways 
through NNW-trending solution-widened joints in the underling Cotter 
Formation dolomite bedrock. It was anticipated that seepage pathways 
through bedrock would contain moisture and piped clays, and hence be 
characterized by relatively low resistivity values. Echo sounding data were 
acquired in the lake upstream of the dam to determine if measurable lake-
bottom subsidence was associated with any identified likely seepage 
pathway. LIDAR data were analyzed to determine if measurable surface 
subsidence on the dam crest was associated with any identified likely 
seepage pathways.  
Likely seepage pathways through interpreted NNW-trending solution-
widened joints were imaged on the electrical resistivity tomography profiles 
near the eastern and western abutments of the earthfill dam. Leakage is 
presently occurring in the dam and this information will be used to design 
effective mitigation measures. No bathymetric anomalies were observed on 
the echo sounding data in the areas of the seepage pathways. Additionally, 
there was no evidence of surface subsidence observed on the LIDAR data 






The NNW orientations of the interpreted seepage pathways are 
consistent with the orientations of the dominant joints in southwest Missouri 










According to the National Inventory of Dam’s (NID) report of 2013 of 
the 87,000 dams in the United States over 70% are more than 40 years old. 
This same NID 2013 report also indicates that about 86% of these dams are 
earthfill type. Ikard (2013), Ogilvy et al. (1969) and Foster et al. (2000) 
conclude that most earthfill dam failures are associated with abnormal 
seepage, piping and internal erosion. Early detection of these conditions in 
earthfill dams and the timely implementation of effective mitigation measures 
minimizes the risk of future failure.  
Geophysical tools are frequently and successfully used to identify 
seepage pathways in earthfill dams. Tools employed include spontaneous 
potential (SP), electrical resistivity tomography (ERT) and various seismic 
methods (Lum and Sheffer, 2005). The successful deployment of one or more 
of these techniques requires the selection of appropriate data acquisition 
parameters, judicious processing, and the reasonable interpretation of the 
results. The ERT tool, probably more so than any other single geophysical 
technique, is frequently used to investigate leaking earthfill dams (Abdel et al., 
2013; Corwin and Butler, 1989; Song et al., 2005; and Ikard, 2013). 
The primary objectives of this investigation were to identify likely 
seepage pathways through a leaking earthfill dam and to determine if lake-
bottom and/or ground surface subsidence had occurred along identified likely 
seepage pathways. The ERT tool was used to identify and map likely 
seepage pathways. Echo sounding was used to map the lake bottom and 





2. STUDY SITE 
 
 
The dam is about 6 meters high and 107 meters long, and has a 
maximum storage capacity of about 29600 cubic meters. The water-level in 
the lake upstream of the dam rises rapidly by up to 5 meters after a rain 
event, but then drops over a period of a couple of weeks to the stable-level 
shown in Figure 2.1. 
 
 
Figure 2.1: Google image of the earthfill dam showing upstream lake and the 
locations of ERT traverses 1-3 (Figure 4.1). 
 
 
The soil in the study area is mainly alluvial and residuum from the 
weathering of the underlying Ordovician-age Cotter Formation. The Cotter 
Formation is highly fractured and predominantly dolomite. The fractures 
promote the preferential flow of ground water thereby by causing relatively 
rapid dissolution of the carbonate bedrock and creating karst topography 
along the fracture lineaments. Springs, sinkholes and caves are common in 





Figure 2.2 is a photograph of water flowing out of an outcropping 
solution-widened joint at a site several hundred feet south-southwest of the 
dam. The authors do not believe these waters originate in the upstream lake.  
The photograph is simply intended to show how water can flow through a 
solution-widened joint. It is suspected that water loss in the study lake is 
occurring through a similar (but hidden) set of NNW-trending solution-widened 
joints in proximity to the dam. 
 
 
Figure 2.2: Photograph of water seeping out of a vertical solution-widened 
joint at a site several hundred feet to the south-southeast of the dam (not 





3. DATA ACQUISITION AND PROCESSING 
 
 
3.1. ELECTRICAL RESISTIVITY TOMOGRAPHY (ERT) 
ERT data were acquired along three traverses (traverses 1-3; Figure 
2.1) using an AGI Supersting Resistivity Meter. ERT profiles 1 and 2 were 
acquired along and near the crest of the dam using a dipole-dipole array 
consisting of 168 electrodes spaced at 5 foot (1.52 meter) intervals; ERT 3 
was acquired using a dipole-dipole array consisting of 84 marine electrodes 
spaced at 10 foot (3.05 meter) intervals. Profile 3 electrodes were placed on 
the lake bottom; water depths were determined using an echo sounder. The 
dipole-dipole array was employed because of its superior lateral resolution 
(Dahlin and Zhou, 2004). This characteristic feature of the dipole-dipole array 
makes it more suitable for imaging relatively narrow near-vertical solution-
widened joints. 
The acquired ERT data were processed using Res2DInv software. 
Standard processing involved the removal of noisy data points where 
necessary, insertion of topography control and inversion using the robust least 
square inversion algorithm with a maximum of 7 iterations. The three output 
resistivity profiles generated were of good quality with minimal data point 
removal and RMS error values of less than 6% (Figure 2.2).  
The ERT data were acquired to identify and map likely seepage 
pathways through NNW-trending solution-widened joints in the underling 
Cotter Formation dolomite bedrock. Unfortunately, at this time, ground truth 
data is not available to constrain or verify the interpretation of the ERT data. 





materials and the authors’ experience working with ERT data acquired in karst 
terrain in Missouri and adjacent states. 
3.2. ECHO SOUNDING (ES) 
ES data were acquired using a shallow-draft boat operated at an 
average speed of about 3 miles/hour. The west-east survey paths were 
designed so that a 3 m offset (approximately) was maintained between scan 
paths. An 83-KHz transducer ES tool designed by Lowrance, Inc. was 
employed.  
The acquired ES data were sorted, edited and used to generate a 2D 
contoured bathymetric map of the lake using the surfer software by Golden 
software (Figure 4.2). The map was subsequently overlaid on an aerial image 
obtained from Google Earth. The bathymetric data were acquired to 
determine if measurable lake-bottom subsidence was present in the areas of 
the identified seepage pathways. 
3.3. LIDAR 
LIDAR data used for this investigation were accessed through the 
National Map website. LP 360 software by the GeoCue Group, Inc. was used 
for data analysis and presentation. The LIDAR data had a nominal pulse 
spacing of 0.7 meters and nominal pulse density of 2.2 points per square 
meter. According to the American Society for Photogrammetry and Remote 
Sensing standards, this data is considered to have a quality level of 2 (QL2), 
corresponding to a vertical accuracy of 10 centimeters (3.94 inches). The data 
are displayed in 3D view in Figure 4.3. The LIDAR data were analyzed to 
determine if measurable surface subsidence along the dam crest was 





4. RESULTS AND DISCUSSION 
 
 
4.1. ELECTRICAL RESISTIVITY TOMOGRAPHY (ERT) 
The ERT results are provided in Figure 4.1. For karst terrain in 
southwest Missouri, moist soils are typically characterized by resistivity values 
less than 125 ohm-m and dry soils are characterized by resistivity values 
greater than 125 ohm-m. Moist weathered and/or fractured carbonate rock is 
usually characterized by resistivity values less than 400 ohm-m; fractured 
carbonate rock with moist piped clay-fill is frequently characterized by 
resistivity values of less than 125 ohm-m. Relatively intact carbonate rock is 
typically characterized by resistivity values greater than 850 ohm-m. The 
interpreted top-of-rock has been superposed on the ERT profiles (Figure 4.2). 
ERT profiles 1 and 2 were acquired across and near the crest of the 
earthfill dam; ERT profile 3 was acquired partially across the upstream lake 
(Figure 2.1).  The top-of-rock between stations 55 and 180 (approximately) on 
ERT profiles 1 and 2, and between stations 50 and 150 on ERT profile 3 was 
readily apparent. In these segments of the three ERT profiles, bedrock is 
more-or-less uniformly characterized by resistivity values greater than 850 
ohm-m and therefore interpreted to be relatively intact.  There is no evidence 
to suggest bedrock within any of these three segments is dissected by one or 
more prominent solution-widened joints. Hence, it is unlikely that there is a 
significant seepage pathway through a prominent solution-widened joint 
beneath the 70–180 m segments of either ERT traverses 1 or 2. 
The overlying soil between stations 70 and 180 (approximately) on 





~200 ohm-m).  The lower resistivity values are attributed to the presence of 
moisture in the clay core of the dam, and are not believed to be images of 
seepage pathways. Note: the lowest resistivity values are present in soils that 
were above the lake water level when the survey was conducted. 
Bedrock near the outermost western and eastern ends of the dam, in 
contrast, is characterized by highly variable resistivity values (from 45 ohm-m 
to greater than 1800 ohm-m). The zones of anomalously low resistivity (400< 
ohm-m) are interpreted as imaging weathered rock dissected by prominent 
NNW-trending solution-widened joint sets. The approximate boundaries of the 
seepage zones are provided on Figure 4.1. The observation that these two 
interpreted solution-widened joint sets intersect ERT profile 3 near the stable 
water-level supports the interpretation that seepage is primarily through one 
or both of these interpreted solution-widened joints. Note: The stream that 
was dammed to create the lake is oriented NNW suggesting that the 
orientation of the stream, at least locally, was controlled by prevailing joint 
patterns.   
The overlying soil near the outermost western and eastern ends of the 
dam is characterized by variable resistivity values (<10 to 400 ohm-m).  The 
lower resistivity values are attributed to the presence of clay and moisture, 
and are not believed to be images of seepage pathways. Note: the lowest 











Figure 4.1: NTS presentation of the three ERT profiles. The two interpreted 
prominent NNW-trending solution-widened joint sets that represent likely 
seepage pathways through bedrock are highlighted in red. 
 
 
4.2. ECHO SOUNDING 
The 2D bathymetry map of the lake is shown in Figure 4. These data 





purposes.  The map was also examined for evidence of lake-bottom 
subsidence along interpreted seepage flow pathways. There was no evidence 
of lake bottom subsidence in the ERT-identified fracture zones was observed. 
It is possible that the lack of a bathymetric signature for the ERT fracture 
zones is because the interpreted seepage pathways are very close to the 
shorelines in areas where ES data could not be acquired because of shallow 
water depths. 
 
Figure 4.2: Bathymetric map of the study lake superposed on Google Earth 




4.3. LIDAR DATA 
LIDAR data are presented in Figure 4.3. The most visually prominent 
feature on the LIDAR data is the spillway. The LIDAR data does not show any 
visible evidence of ground subsidence as a result of any type of soil piping 






Figure 4.3: Results of LIDAR data analysis of the study lake dam, with 10 cm 









Two interpreted solution-widened joint sets are imaged on the acquired 
ERT data.  These two joint sets represent the most likely seepage pathways 
through bedrock beneath the earthfill dam. These two prominent interpreted 
solution-widened joint sets are oriented NNW parallel to both the dominant 
trend of faults, fractures and joints in the region as described in published 
literature. The two features also parallel the upstream channel that was 
dammed to create the lake. The results of this study were consistent with the 
assertion that the seepage problems witnessed in the study lake is due to 
fractures. 
The bathymetry data do not always show any indication of prominent 
lake bottom structures (sinkholes or depressions related to seepage 
pathways). Similarly, evidence of surface depressions as a result of any type 
of soil piping in the area of the ERT-identified features were not observed on 
the LIDAR data.  
In conclusion, the ERT method was the most effective (and the only) 
method capable of identifying potential seepage zones within this earthen 
dam. Though not demonstrated by this study, ES and LIDAR technologies 
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III. CHARACTERIZATION OF DREDGED OYSTER SHELL DEPOSITS AT 
MOBILE BAY, ALABAMA USING GEOPHYSICAL METHODS 
 
 
Stanley C. Nwokebuihe, Evgeniy Torgashov, Adel Elkrry and Neil Anderson 




The need for disposing materials dredged from ship channels is a 
common problem in bays and lagoons. This study is aimed at investigating 
the suitability of scour features produced by past oyster deposit dredging 
operations in Mobile Bay, Alabama, to dispose presently excavated materials 
from Mobile Bay shipping channels.  
A study area approximately 740 by 280 m lying about 5 km east of 
Gaillard Island was surveyed using underwater electrical resistivity 
tomography (UWERT) and continuous electrical resistivity profiling (CERP) 
tools. The geophysical survey was conducted with the intent to map scour 
features created by oyster shell dredging operations in the bay between 1947 
and 1982.  
The geoelectrical surveys show that oyster beds are characterized by 
high resistivity values greater than 1.1 ohm.m while infilled dredge cuts show 
lower resistivity, generally from 0.6 to 1.1 ohm.m. The difference in resistivity 
mainly reflects the lithology of the shallow sub bottom: consolidated 
Pleistocene age silty sand sediments (with less clay content) underlying a mix 
of unconsolidated clayey silt infill materials and undredged oyster deposits 
considered to be of Holocene age.  
Results show that most of the infilled dredge cuts are mostly distributed 





m deep across the survey location, it is estimated that about 0.8 million cubic 









Gaillard Island (a man-made island located northwest of Mobile Bay, 
Alabama) was constructed by the United States Army Corp of Engineers 
(USACE) in 1979 order to provide a cost effective and environmentally 
friendly means of disposing dredged materials removed from the Theodore 
Channel and Mobile Bay Upper Channel (Figure 1.1). The island is still an 
active disposal site for dredged materials from the mobile bay shipping 
channel however, it is expected to attain its regulatory capacity in the near 
future. Hence, there is need to consider other options for disposing materials 
dredged ship channels. One possible option is to deposit materials dredged 
from ship channels into the naturally infilled but undercompacted scour 
features created by oyster shell dredging operations by Radcliff Materials Inc. 
between 1946 and 1982 in Mobile Bay (May,1971 and Lovelace et al., 2015). 
If the existing infill materials are indeed significantly undercompacted, 
significant volumes of excavated channel material could be placed in the 
scour features. Hence, there is need to map the scour features created by 
oyster dredging so that the characteristic (lithology, density, etc.) of the 
natural fill materials can be identified and suitability of these features as sites 
for the placement of materials dredged from the shipping channels 
determined. 
Over the years, various geophysical methods have been used by 
different authors for the delineation of marine sub bottom stratigraphy. Teatini 
et al. (2010), demonstrated the use of electrical resistivity tomography, 





the stratigraphy units of the southern area of the Venice Lagoon, Italy. 
Similarly, Vardy et al., in 2010 used the sub bottom profiling tool to map the 
stratigraphy of Lake Windermere, UK. These studies support the increasing 
demand for the use of geophysical tools for the delineation of marine 
stratigraphic units. 
To identify and map scour features created by the dredging for oyster 
shells, electrical resistivity tomography (ERT) data were acquired along 
multiple near parallel traverses east of the Gaillard Island where oyster shells 
had been dredged in the past for commercial purposes.  
 
 
Figure 1.1: Google map image showing the location of Mobile Bay, Alabama. 







2. GEOLOGIC BACKGROUND OF MOBILE BAY, ALABAMA 
 
 
Mobile Bay is the 4th largest estuary in the United States (Ryan and 
Goodell, 1972) with an average discharge of about 17,500 m3 cubic meters of 
water per second (Figure 1.1). The Mobile and Tensaw Rivers feed the Bay 
from the North, the Fish River feeds the Bay from the East, while the Dog, 
Deer and Fowl Rivers feed the Bay from the West. Mobile Bay covers about 
1070 km2 in area. It is about 50 km in length with a maximum width of 39 km. 
The depth of the bay outside of a shipping channel is typically about 3 m; 
within a shipping channel depths reach 23 m.  
Mobile Bay is an incised fluvial valley (Kindinger, 2016 and May, 1976). 
This process involves the rapid erosion of sediments by rivers because of the 
lowering of the sea level during the last glacial age. The created valley has 
been filled by sediment because of the subsequent rise in sea level. 
Most of the terrigenous clastics found in Mobile Bay are silty clay and 
clayey silt (Ryan and Goodell, 1972). According to the authors, clean water 
bottom sands are mainly found in shallow water near the external boundaries 
of the bay; elsewhere the bay bottom normally consists of silty clay sediment. 
A cross-section of Mobile Bay relative to the survey location is shown in 
Figure 2.1. Mars et al., (1992) suggests that the stratigraphy of the central 
part of the bay is such that in which the Open Bay sediments overlies the 
Near Shore sediments which in turn overlies the Pre-Holocene sediments. 
The authors described the Open Bay sediments as comprising of mainly silty 
clay and clayey silt materials with small mud pockets, clay pockets and 





center and baywards. The Near Shore sediments consists of sandy mud and 
muddy sand. 
The distribution of buried oyster deposits in Mobile Bay is shown in 
Figure 2.2. These oyster reefs and beds formed after the last glacial period. 
May, 1971 and Mars, et al., 1992 conclude that oysters older than 6000 years 
before present (BP) has not been found in the bay. The buried oyster beds 
are found beneath about 8m overburden of post-glacial silty clay in the 
northern part of the bay and beneath thin overburden of silty clays (less than 
one meter), in the southern part of the bay, May (1976). The author also 
stated that commercially dredged oyster deposits in the bay do not extend 
beyond 11 meters below sea level, however suggesting that the oyster 
deposits could extend deeper at the bay-head on the Pleistocene surface. 
 
 
Figure 2.1: Vertical cross-section generated from borings obtained from 




















Apart from the dredging of the shipping channels in Mobile Bay, 
Alabama, other extensive dredging operations have been conducted in the 
bay over the past hundred years. Between 1946 and 1982, buried oyster shell 
deposits were dredged from Mobile Bay for different commercial purposes 
such as concrete, road construction, chemicals and the manufacture of 
poultry feeds (May,1971 and Lovelace et al., 2015). The permitted dredging 
areas in the bay based on the permits issued in 1973 are shown in Figure 3.1.  
May (1971) reports that Radcliff Materials Inc. (the primary oyster 
dredging company in Mobile Bay at the time) utilized hydraulic cutter head 
dredge method for the dredging of the oyster deposits from the bay. It was 
estimated that about 30 million cubic meters of oyster shell was extracted by 
Radcliff Materials Inc. from the bay between 1947 and 1968, May (1971). 
It was reported that the dredge had a discharge box on its tail as part of 
its design to refill the dredge cuts with the remnants of the dredged material 
after the oyster shells had been extracted. It was reported that this refilling 
was not very efficient as subsequent surveys about one year after a dredging 
operation still revealed unfilled dredge cuts (Lovelace et al., 2015). Hence, it 
is believed that most of the dredge cuts filled naturally over time, probably 
with undercompacted silty clays. 
A seismic section collected from Mobile Bay, just south east of Gaillard 
Island is shown in Figure 3.2. The figure shows locations of dredged and 







Figure 3.1: Permitted dredging areas for permit issued in 1973. (from 
Lovelace et al., 2016). 
 
 
Figure 3.2: Seismic section acquired just south east (orientation: north-south) 
of the Gaillard Island in Mobile Bay, showing buried oyster deposits in the 









 The underwater electrical resistivity tomography (UWERT) and 
continuous electrical resistivity profiling (CERP) geophysical tools were used 
in this investigation. These two electrical resistivity tomography tools measure 
variations in the resistivity of the subsurface which are related to the moisture 
content, salinity, clay content, porosity, permeability and other electrical 
properties of subsurface materials, hence, subsurface materials such as clay, 
sand and rock with varying electrical properties can often be differentiated. 
The acquisition of CERP data is shown in Figure 4.1. The CERP 
dipole-dipole array consists of eleven electrodes logging continuously during 
data acquisition. The first two electrodes directly behind the boat serve as 
current electrodes; the remaining 9 electrodes are the potential electrodes. An 
echo sounding unit (typically equipped with a GPS) is used to simultaneously 
collect water depth and survey control along survey traverses. 
The UWERT survey involves stretching and submerging the electrodes 
at the bottom of water and acquiring the data in static mode. GPS and water 







Figure 4.1: The acquisition of CERP data. Boat is equipped with echo sounder 







5. ERT DATA ACQUISITION AND PROCESSING 
 
 
5.1. CONTINUOUS ELECTRICAL RESISTIVITY PROFILING 
 
CERP data were collected at the survey location along near parallel 
west-east orientations as shown in Figure 7. The data was collected using 
eleven 20 feet (~6 meters) spaced streaming electrodes. The spacing was 
sufficient to image about 4 to 4.5 m of water depth expected at the survey 
location and additional 6-9 m of sub bottom materials. The Advanced 
Geosciences Inc. (AGI) Supersting resistivity meter was used for this survey, 
(agiusa.com, 2015). During the CERP survey, a unit by Lowrance 
(lowrance.com, 2014) was used to log both GPS and water depth data along 
the traverses at the same time. 
The acquired CERP data was preprocessed using the AGI’s Marine 
Log Manager Software (reference). The software allows the user to digitize 
the map covering the survey location and to combine the GPS/water depth file 
with streamed resistivity measurements. The data was subsequently 
linearized and exported into an inversion-compatible format for further 
processing. 
The exported data was further converted from .STG format to .DAT 
format which is compatible for running the inversion using the RES2DINV 
software by Geotomo Software (geotomosft.com, 2014). The depth profile 
was inserted into the .DAT file as well as the corresponding UTM coordinates. 
The data was then inverted using finite element inversion algorithm in 






5.2. UNDER WATER ELECTRICAL RESISTIVITY TOMOGRAPHY 
A 33.5-meter-long (with ~0.6 meter spaced electrodes) UWERT profile 
was acquired at the survey location (see Figure 5.1). The orientation of the 
UWERT traverse was north-west. The data was acquired using the Wenner-
Schlumberger electrode array type. The ~0.6 meter electrodes spacing used 
was to obtain high resolution image of the shallow sub bottom. 
An additional 168-meter-long (with 3 meter spaced electrodes) UWERT 
profile was acquired at the survey location. This profile partially overlaps the 
33.5-meter-long UWERT profile (see Figure 5.1). This profile was acquired 
using the Wenner-Schlumberger electrode array also. 
GPS and depth data were inserted into the converted .DAT file and 











6. RESULTS AND DISCUSSION 
 
 
 The results of the geophysical investigation are presented below. The 
implications of the results are also presented. The 5 CERP profiles are shown 
in Figure 6.1. The 33.5 m and 168 m long UWERT profiles are also shown in 
Figures 6.2 and 6.3 respectively. 
 Water resistivity and temperature measured during the survey at the 
survey location was 0.4 ohm.m and 30.2 oC respectively. Based on these two 
values, the water salinity was calculated to be approximately 16,000 PPM 
(parts per million). 
Resistivity values of 0.1 to 0.6 ohm-m were used to characterize silty-
clay sub bottom sediments; resistivity values between 0.6 and 1.1 ohm-m 
were used to characterize unconsolidated dredge fill and clayey silty 
sediments; while resistivity values greater than 1.1 ohm-meters were used to 
characterize oyster shell deposits and potentially the top of Pre-Holocene 
sediments. The ranges of resistivity values chosen were to reflect the 
stratigraphy of Mobile Bay as published in Mars et al. (1992). 
Water depth at the survey location (see Figures 6.1 to 6.3) was uniform 
(~4.2 m) as obtained from the echo sounder data which indicates that the bay 
bottom was relatively flat in the survey area and that any scour features from 
past dredging operations at the survey location had been infilled. 
The stratigraphy of Mobile Bay can be reconstructed from the CERP 
and UWERT profiles. The water column which was approximately 4.2 m thick 
(see Figures 6.1 to 6.3) overlays a thin (~1 meter), low resistivity clay layer 





resolved with the 33.5 m long UWERT profile because of its small (0.6 m) 
electrode spacing used in the survey as opposed to those used in the CERP 
and 168 m long UWERT profiles. This thin clay layer then overlays 
moderately resistive clayey silt sediments (shown in Figures 6.1 to 6.3) which 
is ~6 m thick across the survey profiles. Within this layer, high resistivity 
spikes can be seen from the base of the layer to about 1.5 to 3 m below the 
water bottom (see Figures 6.1 to 6.3). These high resistivity zones were 
interpreted and labelled as undredged oyster deposits. Below this moderately 
resistive layer lies a highly resistive layer which was interpreted as highly 
compacted Pleistocene sediments. It can be noted that the overburden 
thickness (sediment layer above oyster deposits) is thicker on the seismic 
section (in Figure 3.2) than on the interpreted CERP data. This was because 
the seismic section was acquired in the middle of the bay (with thick open bay 
sediments), whereas the CERP data (shown in Figure 6.2) were acquired 
closer to the eastern corner of the bay (with thin open bay sediments). 
It can be clearly seen in the CERP and UWERT profiles in Figures 6.2 
to 10 that the oyster deposits were not very efficiently dredged thereby 
creating patterns of dredged (scour features) and undredged zones. These 
scour features were typically about 10 to 25 m wide; residual oyster deposits 
were typically about 5 to 15 m wide. This pattern is very consistent with that 
shown in the seismic sections (Figure 3.2) modified after Brande et al., 
(1983). It can also be observed that the width of the scour features on the 
seismic profile appear to be greater than those on the CERP profiles. This 
suggests that the direction of dredging of the oyster deposits at the survey 





The mapped scour features from past dredging operations in the bay 
were approximately 6 meters deep. Assuming that two-third of the oyster 
deposits in the survey location covering about 200,000 m2, were successfully 
dredged, it was estimated that about 0.8 million cubic meters of oyster 







Figure 6.1: Five CERP Profiles acquired at the known buried oyster bed location showing highlighted possible dredge cuts. (Units 





Figure 6.2: Results of the 33.5-meter-long UWERT profile collected using the 




Figure 6.3: Results of the 168 meter UWERT data collected using the Wenner-









Based on the results of the geophysical survey conducted in Mobile Bay, 
Alabama, the following conclusions can be made: 
The stratigraphy of the study area consisted of clayey silt sediments 
(considered to be of Holocene age), that is about 6 to 7 m thick overlying 
Pleistocene sediments. 
It can be concluded that based on the results of the CERP survey, that the 
scour feature from dredging in the bay had been infilled by mostly open bay (silty 
clay and clayey silt) materials. 
The geometry of the dredge cuts observed from the survey location 
suggests that the dredge activities conducted on the survey location were mostly 
trending north-south. 
The interpretation of the geophysical data can be improved if boring data 
from the survey location obtained from vibracore were available. However, it is 
expected that the results of this geophysical investigation would assist in the 
selection of potential locations for the extraction of samples to complement the 
results of the geophysical investigation as well as obtaining samples that would 
be used to the determine engineering properties of the infill materials in the bay 
and the suitability of the survey location and similar locations in the bay as 
potential locations for the disposal of future dredge materials from the Mobile Bay 
shipping channels.  
The results of the CERP and UWERT surveys at the survey location were 





sediment characterization and thus suggest that these electrical resistivity 
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2.  CONCLUSIONS 
 
 
There is need for effective, nondestructive and timely detection of 
seepage in earthfill dams so that seepage maintenance jobs can be properly 
planned and effectively executed. Hence, failures can be averted. The first paper 
presented the successful integration of the electrical resistivity tomography, 
induced polarization and spontaneous potential tools in imaging seepage zones 
and pathways through an earthfill dam. This study offered useful geophysical 
tools to effectively investigate seepage flows through earthfill dam, and these 
tools are thus recommended for future earthen dam seepage investigations 
where applicable. The second paper which was similar to the first presented the 
successful use of the electrical resistivity tomography tool in another earthfill 
dam. The paper concluded that the seepages in karst can be related to the 
geologic structure such as faults, joints and lineaments in the study area. Hence, 
orientations of geologic structure of an area should be considered prior to the 
construction and maintenance of earthfill dams. 
The third paper presented the effective use of the marine Electrical 
Resistivity Tomography tool to characterize the sub bottom sediments in a known 
location of dredged oyster deposits. The result showed that the technology can 
be reasonably considered as a useful tool for the characterization of marine 
sediments hence play a vital role in the planning and development of shallow 
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